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Background:  Hip  resurfacing  (HR)  is an  alternative  option  to  total  hip  arthroplasty  (THA)  in  a  population
of  selected  patients  (young  and/or  active).
Hypothesis:  The  short-term  survivorship  rate  is  as least  as  good  as  that for  THA  with  no  abnormal  increase
in  serum  metal  ion  levels.
Materials  and  methods:  A  continuous  prospective  series  of  502  hip  resurfacings  in 481 patients  mean
age  48.7  years  old  (±10.3;  18–68)  (Conserve  Plus,  Wright  Medical  Technology)  was  analyzed  clinically,
radiologically  and  biologically  (total  blood  chrome,  cobalt  and  titanium  metal  ion levels).  Mean  follow
up  was  4.1  years  (1.9–4.9).
Results:  There  were  no  dislocations.  There  were  5 cases  of revision  surgery  with  component  replacement
(including  2 infections).  Implant  survivorship  using  implant  removal  as  the  criteria  (excluding  infection)
was  99.4%  at  4 years  (CI  95%:  98.1–99.8).  The  evaluation  of  metal  ion  levels  showed  a signiﬁcant  increase
in  cobalt  from  a preoperative  level  of 0.24  g/L  (0.01–3.6)  to  0.86  g/L  (0.01–5.7) at  the  ﬁnal  follow-
up (P  < 0.001).  Chrome  and  titanium  levels  went  from  0.68  g/L  (0.01–4.4)  and 2.36 g/L  (0.39–7)  to
1.28  g/L (0.1–5.5)  and  4.49 g/L  (1.29–8.21)  respectively  (P < 0.001).  All  clinical  scores  had  signiﬁcantly
improved  at  the ﬁnal  follow-up.  Mean  frontal  plane  cup inclination  was  42.7◦ (35–62).
Discussion:  In a selected  population  of  young  and/or  active  patients,  the  short-term  results  of  hip  resur-
facing  are  excellent.  At  the postoperative  4-year  follow-up  the  rate  of  complications  (in particular  the
absence  of  dislocations)  was  less  than  that for THA  in  young  and/or  active  patients.  Certain  conditions
must  be  respected  to obtain  these  results;  frontal  plane  cup  inclination  of between  40  and  45◦, a femoral
head  diameter  of at least  48 mm  and  good  quality  femoral  bone.
Level  of evidence:  IV.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Hip resurfacing with second generation metal on metal bear-
ngs was developed 15 years ago to provide an alternative option
o total hip arthroplasties (THA) in a population of young and/or
ctive patients. This option has numerous theoretical advantages:
eturn to high level impact sports [1], preservation of femoral and
cetabular bone stock [2], lack of instability [3], preservation of
∗ Corresponding author. Service orthopédie C, faculté de médecine de Lille 2,
omaine médecine et sport, CHRU centre hospitalier régional universitaire de Lille,
,  avenue Oscar-Lambret, 59037 Lille cedex, France.
E-mail address: j girard lille@yahoo.fr (J. Girard).
http://dx.doi.org/10.1016/j.otsr.2015.07.011
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.articular proprioception [4], maintenance of coxofemoral biome-
chanics [5,6], maintenance of lower limb length and facilitation of
future revision surgery.
However in 2015, although the general notion of HR is accepted
there are still numerous controversies; about the type of bearings
(large diameter metal on metal bearings) with a risk of adverse
reactions to metal debris (ARMD), about the indications and the
technical difﬁculties of implantation [7]. The goal of this study was
to analyze the short-term clinical, radiological and biological results
of HR in a prospective series of patients.
The main hypothesis was that the short-term survival of HR is
equivalent to THA with no abnormal increase in serum metal ion
concentrations.
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Brooker class III heterotopic ossiﬁcations (0.6%) were noted.
Survivorship based on revision surgery for any cause as the crite-
ria for failure was  99% at 4 years (CI 95%: 97.6-99.6) and 99.4% at 4
years (CI 95%: 98.1–99.8) (Figs. 1 and 2) when component removal62 A. Lons et al. / Orthopaedics & Traumato
. Materials and methods
This was a continuous prospective study was performed in
atients who underwent HR over a period of 2 years (January 1,
009 to December 31, 2010) by a single surgical approach (postero-
ateral) and one experienced surgeon responding to Haute Autorité
e santé (HAS) criteria (more than 50 HR/year) (JG). The contraindi-
ations to HR were: a preoperative leg length discrepancy of more
han 1 cm,  renal insufﬁciency, age over 70 years old for men  and 60
or women, the presence of a bone cyst of the femoral head of more
han 1 cm in diameter and a native femoral head diameter of less
han 48 mm [3].
The implant used was HR Conserve Plus (Wright Medical Tech-
ology, Arlington, TN, USA). The femoral component was cemented
n all cases (coat of cement 0.5 mm thick) with size increments
f 2 mm.  Cup thickness was 3.5 mm (open angle 170◦) implanted
y 1 mm press ﬁt. Cementless acetabular component ﬁxation was
btained by a porous bead coating. Articular clearance was  150 m.
A posterolateral approach was used by performing a “T” cap-
ulotomy [8]. The diameter of the patient’s native femoral head
as measured and served as a reference for the component diam-
ters. The femoral procedure was performed ﬁrst followed by the
cetabular procedure. The femoral head was translated in front of
he acetabulum. Reaming was performed until bleeding subchon-
ral bone was obtained. Cup inclination was 40◦ and anteversion
as obtained by placing the cup parallel to the transverse ligament.
he femoral component was sealed with low viscosity cement. A
edon drain was  left in place for 24 hours. Full weight bearing was
llowed immediately after surgery. Four weeks of postoperative
ehabilitation was systematically prescribed. Patients were seen 2
onths after surgery then yearly thereafter.
The clinical evaluation was based on the Postel Merle d’Aubigné
core [9], the Harris Hip Score [10], the Oxford hip score [11] the
evane activity classiﬁcation [12] and UCLA [13]. Standard X-rays
lower limbs. 15◦ internal rotation) were obtained at each visit.
P X-rays were considered to be valid if the end of the coccyx was
entered and located between 2 and 4 cm from the pubic symphysis
14]. A Dunn view was obtained for sagittal assessment. The X-ray
valuation was based on an assessment of frontal plane acetabular
up inclination in relation to the radiographic U-ﬁgure (tear drop),
he preoperative cervico-diaphyseal angle and the SSA (Stem Shaft
ngle) at follow up as well as calculation of anterior offset on the
unn view. The presence of heterotopic ossiﬁcations was evaluated
ccording to Brooker et al. [15]. The appearance of radiolucencies
of more than 2 mm)  or acetabular osteolysis was identiﬁed.
A biological analysis of the chrome, cobalt and titanium metal
oncentrations was performed on whole blood by mass spectrome-
ry (High Resolution Sector Field Inductively Coupled Plasma Mass
pectrometer (HR-SF-ICPMS)). Analysis was based on preoperative
oses and another at the ﬁnal follow-up. The limits of detection
ere 0.1 g/L for 3 ions.
The series included 481 patients (502 HR, 21 bilateral cases)
ncluding 70% men  (335 patients) and 30% women (146 patients).
he mean age was 48.7 (±10.3; 18-68). The mean BMI  was 26.1
±488; 15.1–47.3). Surgery lasted a mean 63.5 minutes (±14.6;
0–140). The mean size of the femoral and acetabular compo-
ents was 50.4 mm (48-60) and 56.4 mm (54–66) respectively. The
tiologies were mainly primary osteoarthritis of the hip (72.8%),
ysplasia (13.1%), aseptic osteonecrosis of the femoral head (8%),
ost-traumatic causes (3.7%) and sequella from osteochondritis
2.4%).
At the ﬁnal follow up, one lost to follow-up patient (0.2%) and
 patients who were living overseas who were evaluated by a
elf-administered questionnaire and email were noted. There were
herefore 474 patients who underwent all evaluations (radiological,
iological and clinical). The mean follow-up was 4.1 years (1.9–4.9).Fig. 1. Pelvic AP X-ray in a 41 year old man  with primary osteoarthritis of the hip
centered on the right hip.
3. Statistical method
The Student t test and the Chi-square test were used for contin-
uous and categorical variables respectively and the Wilcoxon test
for non parametric data. The correlation between the progression
of metal ion concentrations and a numerical parameter was studied
with the Spearman correlation coefﬁcient and the Mann-Whitney
test for binary qualitative variables. Conﬁdence intervals (CI) were
determined at 95% and P < 0.05 was  considered to be statistically
signiﬁcant. Kaplan-Meier type survival curves were obtained based
on component replacement for whatever reason, including septic
revision, as criteria for failure (CI 95%).
4. Results
There were no dislocations. A postoperative hematoma had to
be evacuated with no other clinical consequences. Three cases ofFig. 2. Postoperative 4 year AP X-ray of the pelvis. Frontal plane cup inclincation
is  43◦ , the cervico-diaphyseal angle is 130◦ and the SSA angle is 132◦ . There are no
radiolucencies.
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Table 1
Progression of clinical scores from the preoperative assessment to the ﬁnal follow-
up  (mean, range).
Pre-op Follow up P
PMA 10.5 (5–16) 17.5 (11–18) <0.0001
Range of motion 3.5 (1–6) 6 (3–6) <0.0001
Function 3 (1–6) 5.5 (3–6) <0.0001
Pain 4 (0–5) 6 (3–6) <0.0001
Harris Hip Score 31.5 (22–78) 97 (50–100) <0.0001
Oxford 37 (27–55) 14.5 (12–28) <0.001
Devane 2.5 (1–5) 4 (1–5) <0.001
UCLA 5 (2–10) 7 (2–10) <0.001
Table 2
Progression of joint range of motion from the preoperative assessment to the ﬁnal
follow-up (mean, range) expressed in degrees.
Pre-op Follow-up P
Flexion 81 (55-130) 121 (75–140) <0.0001
Extension −5 (−30/30) 10 (−5/40) <0.001
Rot  Ext −2.5 (−30/40) 20 (10/50) <0.0001
Rot  Int 0 (−20/40) 20 (20/50) <0.001
Abduction 30 (0/50) 37.5 (10/50) <0.001ig. 3. Postoperative AP X-ray of the left hip. The orientation of the acetabular cup
s  good (frontal plane inclination 41◦) but there is a large gap.
as the criteria (excluding infection) There were 5 revisions with
eplacement (0.9%) with 2 one-stage revisions for infection (0.4%),
 femoral loosenings (0.4%) and 1 tilt of the acetabular cup (0.2%)
Figs. 3 and 4). One revision was performed without component
eplacement to remove Brooker class III heterotopic ossiﬁcations
ausing stiffness.
Evaluation of metal ion levels showed a signiﬁcant increase
n cobalt concentrations, which went from a preoperative rate of
.24 g/L (0.01–3,6) to 0.86 g/L (0.01–5.7) at the ﬁnal follow-
p (P < 0.001). Preoperative chrome and titanium concentrations
lso increased from 0.68 g/L (0,01–4.4) and 2.36 g/L (0.39–7)
espectively to 1.28 g/L (0.1–5.5) and 4.49 g/L (1.29–8.21) at the
nal follow-up (P < 0.001) respectively. There were no correlations
ound between ion concentrations and the following parameters:
ge, sex, BMI, etiology, UCLA score, Devane score, cup inclination,
SA angle or component size.
ig. 4. At 2 months, the cup has shifted (inclination 12◦) resulting in cup-femoral
eck contact. This caused femoral neck notching and required surgical revision.Adduction 25 (0/40) 32.5 (20/50) <0.001
Global 127.5 (50–130) 240 (110–300) <0.0001
All the clinical scores signiﬁcantly improved with a mean ﬁnal
PMA  score of 17.5 (11–18) and an HHS of 97 (50–100) (Table 1). Four
young patients (under 25) with severe neurological diseases had
poor clinical scores (Harris score between 50 and 60) and Devane
score between 1 and 2. Articular range of motion was signiﬁcantly
increased in all sectors (Table 2).
Mean frontal plane cup inclination was  42.7◦ (35–62)
(Figs. 1 and 2). Inclination was  greater than 55◦ in four cups (0.8%).
The CCD angle was 132.5◦ (111–160). The femoral component was
implanted with slight valgus, with an SSA of 134.3◦ (112–171).
Anterior offset of the femoral component was 6.9 mm (−8–20).
5. Discussion
HR is an interesting alternative to conventional THA in a pop-
ulation of young and/or athletic patients [16,17]. If the indications
are followed and surgery is well performed, the HR survival rate at
4 years is comparable to that of THA. To obtain these results, the
femoral component must be at least 48 mm,  frontal plane cup incli-
nation should be 40◦ and patients with poor quality bone should be
excluded [18]. The numerous advantages of the HR procedure must
be considered in relation to possible disadvantages such as the use
of a large diameter head metal on metal bearing [18]. However, no
abnormal increase in metal ion concentrations was observed in our
study.
There are several limitations to this study. Indeed six patients
(1.2%) could not undergo radiological and biological evaluation,
however this small group of cases did not seem to inﬂuence the
conclusions. Moreover only one type of HR system was  evaluated.
However, this was one of the 2 systems approved for use on the
French market (with the Birmingham Hip Resurfacing [BHR]) by the
HAS. Then, a study evaluating a single HR system seemed to be per-
tinent to reduce any interpretation bias (in particular biological).
The mean follow-up was too short to draw long-term conclusions.
However the low rate of early complications in our series is similar
to THA results. The risk of later complications (after more than 5
years) should be evaluated with longer follow-up.
Comparison of HR and THA survivorship rates was  performed by
analyzing various national registries. Thus, in the Swedish registry
[19] the 5-year survivorship of THA is 95.7%. In the same way  in the
Australian registry of 266 645 THA, the rate of revision surgery at 5
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ears is 4.9% (4.5–5.2) [20]. In this register, the rate of HR revision
s only 4.1% at 5 years. Moreover, if we limit our analysis to HR
ith a diameter of more than 48 mm (as in our series), the revision
ate is only 2.7% (2.0–2.9). The Anglo-Welsh registry conﬁrms these
ata in an analysis of 539 372 THA [21]. The 5-year revision rate is
.6% (5.1–5.9) for THA and 2.8% (2.3–2.9) in the HR group with a
iameter of more than 48 mm.  The revision rate of less than 1% at
 years observed in our series conﬁrms these results and is a sign
f the excellent survivorship rate reported in the registers in head
iameters of more than 48 mm.
Like in most other HR series, there were no dislocations observed
n our series [22–24]. This must be compared to the different rates
bserved after THA, which depend on numerous factors including
ne of the most important, which is the diameter of the femoral
ead [25]. Respecting the diameter of the native femoral head diam-
ter during HR prevents the risk of dislocation, while it is impossible
o reproduce the anatomy of the femoral head with THA. It should
e noted that in young patients, the risk of instability caused by
HA results in apprehension about performing physical activities
nd sports [26]. The absence of the risk of instability as well as
he preservation of femoral neck proprioceptors and femoral offset,
xplains the better return to sports and physical activities follow-
ng HR than THA [27]. This has been found in high impact sports
running [1]) and in a prospective randomized study [23].
The production of metal ions is inherent to the introduction of
 metal foreign body that produces passive corrosion. Thus, a knee
rosthesis results in the production of chromium and cobalt ions
econdary to the extensive contact of the femoral component with
he synovial ﬂuid. For Lueztner et al. [28], cobalt concentrations
ith a unilateral THA are 3.3 g/L (and 4.3 g/L for bilateral THA)
r 3.8 times more than in our series. The same remark can be made
or spine surgery whose material generates high metal ion concen-
rations (in particular titanium) that have no clinical consequences
29].
The ion concentrations in the literature following HR vary.
ndeed, this depends on numerous factors: the types of implant,
he type of bearing (cast or forged), cup design, articular play. . .
16,17,30,31]. For the HR Conserve+ the mean metal ion levels (in
hole blood) are approximately 1 to 1,7 g/L for chrome and 1.2
o 1.9 g/L for cobalt [24,32–34]. The ion concentrations in our
eries were slightly lower. This is probably due to the low mean
up inclination (42◦), which improves the contact patch to rim dis-
ance to more than a centimeter [18]. It has been shown that an
deal cup position with an inclination of 39.7◦ and 14.9◦ antever-
ion in a 56 mm  cup minimized metal ion production [35]. This is
ery close to the data in our series thus explaining the low levels of
etal ions. The quality of proximal femur bone is a key point that
ust be perfectly managed before performing HR [36]. Thus there
re numerous contraindications to HR, ﬁrst osteoporosis, which
xplains the age difference between men  and women in this series.
he practice of systematic osteodensitometry in women  follow-
ng menopause prevents this risk [37]. Thus, etiologies resulting
n poor bone quality are also contraindications to HR: inﬂamma-
ory arthritis, voluminous aseptic osteonecrosis, bone cysts of the
emoral head larger than 1 cm,  and diseases that result in signiﬁcant
eformity of head/neck junction [38,39].
. Conclusion
The excellent clinical results of HR are conﬁrmed in a selected
opulation of young and/or active patients. After a mean 4 years
f follow-up the complication rate is low with survivorship in 99%.
ertain conditions must be fulﬁlled: frontal plane cup inclination
etween 40 and 45◦, a femoral head diameter of at least 48 mm
nd good femoral bone quality. Moreover to prevent tribologi-
al problems of large head diameter metal on metal couples, we
[
[urgery & Research 101 (2015) 661–665
recommend using one of the two HR systems that have been on the
French market for more than 15 years (Conserve Plus and BHR).
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